Daily submicron aerosol samples (PM 1 , particles less than 1 μm in diameter) were collected continuously from Dec. 1 to Dec. 31, 2006 Carbonaceous aerosol is another major component of PM 1 , and total carbonaceous aerosol occupied to 27.5% of PM 1 mass. High OC and OC/EC ratio were found in Xi'an in comparison with the past studies in Hong Kong and Taipei. Factor analysis on the eight carbon fractions shows that coal combustion and gasoline automobile exhaust, diesel automobile exhaust, and biomass burning were found to be statistically significant and explained 93% of the carbonaceous aerosols contributions.
. The major components of urban ambient TSP (Total suspended particulate), PM 10 (particles less than 10 μm in diameter), and PM 2.5 (particles less than 2.5 μm in ), organic carbon (OC) and elemental carbon (EC). However, much less is known, and even less has been done about PM 1 (particles with a diameter 1.0 μm, submicron particle). Although some literatures (Vallius et al., 2000; Cabada et al., 2004) reported that the major components of PM 1 and PM 2.5 originated from the same sources by using MOUDI sampler, and they concluded the investigation of PM 1 did not yield significant new information in comparison with that obtained from the PM 2.5 , it is clear that PM 1 was a better indicator for anthropogenic sources than PM 2.5 , because, compared with PM 2.5 and PM 10 , it minimized interference from natural sources (Lundgren et al., 1996; Lee et al., 2006) . Epidemiological studies (Dockery et al., 1993; Schwartz et al., 1996; Wilson and Suh, 1997; Pope, 2000) have suggested a statistical association between health effects and ambient fine particle concentrations, especially the submicron fraction that can penetrate into the alveolar region of the lungs.
Xi'an, the capital of Shaanxi province, (area of 1066 km 2 , population 5.1 million), is one of the largest cities in Northwest China. Air quality in Xi'an has become a serious concern due to the persistently high mass levels of PM 10 and PM 2.5 (Cao et al., 2005a, b; . Although clean fuels such as natural gas have progressively replaced coal for residential heating and cooking inside Xi'an's Second Ring Road since 1998, the number of motor vehicles in Xi'an has grown rapidly, increasing from ~180,000 in 1997 to ~500,000 in 2006. Therefore, PM pollution in Xi'an continues to be a serious problem. Prior studies mainly focused on the chemical characteristics of TSP, PM 10 and PM 2.5 in Xi'an (Cao et al., 2005a, b; Shen et al., 2008; Zhang et al., 2002) . Up to now, much less data about PM 1 in Xi'an have been available. In this paper, PM 1 mass, 11 kinds of water-soluble ions, organic carbon (OC) and elemental carbon (EC) were measured in winter (heaviest pollution season)
in Xi'an. The objectives of this study were to:
(1) determine the mass levels of PM 1 , ionic species, and carbonaceous aerosol and (2) to evaluate the PM 1 pollution levels in Xi'an.
METHODOLOGY

Aerosol Samples Collection
The PM 1 samples were collected on 47 mm 
Carbonaceous Aerosol Measurement
The quartz PM 1 sample filters were analyzed for elemental carbon (EC) and organic carbon (OC) with the using of a DRI Model 2001 Thermal and Optical Carbon Analyzer (Atmoslytic Inc., Calabasas, CA, USA). A 0.5 cm 2 punch from the quartz filter was analyzed for eight carbon fractions following the Interagency Monitoring to Protect Visual Environments total organic carbon protocol (IMPROVE TOC, Chow et al., 1993; Fung et al., 2002) . The method produced data for four OC fractions (OC1, OC2, OC3 and OC4 in a helium atmosphere at 140°C, 280°C, 480°C and 580°C, respectively), a pyrolyzed carbon fraction (OPC, determined when reflected laser light attained its original intensity after oxygen was added to the combustion atmosphere), and three EC fractions (EC1, EC2 and EC3 in a 2%
oxygen/98% helium atmosphere at 580°C, 740°C and 840°C, respectively). The IMPROVE protocol defined OC as OC1 + OC2 + OC3 + OC4 + OPC and EC as EC1 + EC2 + EC3-OPC. The analyzer was calibrated with known quantities of CH 4 daily. Replicate analyses were performed at the rate of one per group of ten samples. Blank sample was also analyzed and the sample results were corrected by the blank sample concentration. Additional quality assurance and quality control procedures have been described in detail in and Chow et al. (2007) .
RESULTS AND DISCUSSION
Mass Concentration of PM 1 Fig. 1 showed the temporal variation of PM 1 m a s s i n w i n t e r i n X i ' a n . T h e m a s s concentrations of PM 1 in winter were in the range of 51.1 μg/m 3 -251.4 μg/m 3 with a mean should be linked to increasing emission from coal combustion and biomass burning for heating as we discussed in following sections.
Composition of Ionic Species in PM 1
The total ions concentration was 68.0 ± 25.4 g/m 3 on average, which occupied about 46%
of PM 1 mass. The result indicated water-soluble ions were the major components of submicron particles in Xi'an in winter. Prior literatures reported that water-soluble ions occupied one third or more in PM 2.5 mass in
Chinese urban regions (He et al., 2001; Hu et al., 2002; Wang et al., 2002; . It was demonstrated that water-soluble K has been commonly used as a marker for biomass burning (Andrea et al., 1983; Watson et al., 2001) . Recently study by Cao et al. (2008) reported that K + was in a relative low level in fugitive dust of PM 1 fraction in Xi'an. In fact, wheat straw and maize stalks are burned for heat during winter in suburban region of Xi'an. As Xi'an is an inland city, marine influences on the urban aerosol particles can be disregarded. In addition, the Cl/Na ratio in the PM 1 samples was 4.35 in average, which were much higher than 1.8 of Cl to Na ratio of sea salt (Pytkowicz et al., 1975) . The relative abundance of Cl compared with Na can be explained by emissions from suburban biomass burning because strong relationship between Cl -and K + was observed (Table 1) .
As ammonium, sulfate and nitrate were the major components of PM 1 , the source and formation of these species are our primary concern. The high NH 4 + concentrations in aerosols from Xi'an may be related to the use of fertilizers on the Guanzhong Plain as well as contributions from local sanitary wastes . SO 4 2-commonly represents the stationary pollution sources such as coal combustion, while nitrate represents the mobile sources like vehicle exhaust (Arimoto et al., 1996; Hu et al., 2002; Yao et al., 2002 (Wang et al., 2005) . The huge consumption of coal during heating season should carry the responsibility for the acidity of PM 1 samples.
Concentration and Sources of Carbonaceous Aerosol
The temporal variation of mass concentration for PM 1 OC and EC was given as shown in Fig. 1 in June. In generally, carbon concentrations at Chung-Shan were much lower than those observed at Xi'an and Hong Kong. In addition, PM 1 OC level at the traffic monitoring station in Taipei was higher than that found in Hong Kong, but lower than the value in Xi'an. But the PM 1 EC concentration in Da-Tung was much higher than those found both in Hong Kong and Xi'an.
The correlation between OC and EC was used as an indicator of the source of carbonaceous aerosol. As shown in Fig. 3 , a strong correlation between OC and EC was observed in PM 1 with a correlation coefficient of 0.93, indicating that OC and EC were from the same sources. The OC/EC ratios in PM 1 were in the range of 3.7-6.8 with a mean value of 5.2. The OC/EC ratios in current study are much higher than those observed at Hong Kong and Taipei (Lee et al., 2006; Li and Lin, 2002) , indicating PM 1 carbon in Xi'an is more abundant in organic carbon and shortage of elemental carbon. Some literatures studied the source profiles of OC/EC ratios applicable to speciated the emission inventories and receptor model of source apportionment (Cao et al., , 2005 Chow et al., 2004; Dan et al., 2004; Duan et al., 2004) . Watson et al. (2001) reported that the OC/EC ratios for coal combustion, vehicle emission, and biomass burning were 2.7, 1.1 and 9.0, respectively.
Meanwhile, the author indicates that the source profiles are influenced heavily by many factors, such as the chemical composition of fuel, pollution control devises, sampling methods, sampling periods, and analytical techniques. Cao et al. (2005a) gave the OC/EC ratio source profile in PM 2.5 in Xi'an. That is the OC/EC ratios were 12.0 for coal combustion, 4.1 for vehicle exhaust, and 60.3 for biomass burning. From these two studies, we inferred that the source profile of carbonaceous aerosol were more complicated and influenced by many factors. Moreover, EC originates from the incomplete combustion of carbon containing materials directly, and does not form in atmosphere due to its nearly inert property.
While ambient OC includes primary OC (originate from the combustion process directly) and secondary OC (produced by gas to particle conversion or chemical reaction in atmosphere). Only the ratio of primary OC to EC was proper to conducting the source identification. Therefore, one should care when using OC/EC ratio to trace the carbonaceous aerosol source. The strong correlation between K + , SO 4 2-and NO 3 -with OC and EC showed in Table 1 , implying biomass burning, coal combustion, and vehicle exhaust were the major contributor to PM 1 carbon in Xi'an.
The concentration of organic matter (OM) in atmosphere can be estimated by multiplying OC by 1.6 (Turpin and Lim, 2001 (Watson et al., 1994; Cao et al., 2006) . To determine the characteristic source and the contributing factors of carbonaceous aerosol observed in Xi'an, factor analysis (SPSS 8.0 software) was performed on the eight carbon fractions. The analysis was done with principal components extraction and varimax normalized rotation. The factor was not considered if its eigenvalue was < 1. Table 2 showed the results of factor analysis. Three factors were extracted to explain the sources and their contribution to carbonaceous aerosol. For all samples, these three factors were found to be statistically significant and explained 93% of the total variance. Factor 1 was highly loaded with OC1, OC2, OC3, OC4 and EC1. This factor was demonstrated to represent the coal combustion and gasoline vehicle exhaust (Chow et al., 2004) . Factor 2 was more abundant of high 
Material Balance of PM 1
The relative contributions of chemical species to PM 1 mass in winter is shown in Fig.  4 . Carbonaceous aerosol, sulfate and nitrate were major chemical species and they attributed to 27.5%, 18.1% and 9.1% of PM 1 mass, respectively. As elemental composition were not identified in this study, soil dust and other uncertain fractions occupied to 34.2%. Therefore further work is recommended to identify those substances that make up the missing mass and to investigate the seasonal variation of PM 1 . 
